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ABSTRACT

. The age of automation has established its <foothold in
today's society. Ccaputerization now affects almost every-
- ore's job, and sharing of information is vital to successful
!! job performance. Manual transfer of information is ineffi-
e cient and prone to error, so apother meaas is needed. One
fk option is computer networking. Both Local Area Networks and

long-haul networks presently exist, but they are either very
expensive or hardware dependent.

It would normally require a 1long lead time and high
costs fer the military to acgquire an information trarnsfer
systen. To provide a readily available, 1low-cost file
transfer system, the authors developed an assembly language
progras named MICROLAN, which is written to work with three
of the main microcoamputer cperating systems (CP/M-80,
CP/M-86, and 4S.D0S) and to take alvantage of RS232 tech-
nology. MICROLAN was tested suoccessfully for file transfer
at up to 4800 baud, and suggestions have been included as to
possitle wuses for MICROLAN in the ailitary environmernt.
Additionally, possible methods for upgradiny MICKOLAN are

rel e . R st
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I. INTRODICTION

The age of automation has established its foothold
within the civilian as well as military communities. Very
few jobs are left unaffected by computerization. Military
or civilian, the "boss" is only as comspetitive as his cr her
information - which nust be accessed or acquired fron
outside sources. Arplication c¢f this to current automation
implies sharing dataltase information between computers. For
example, consider two users of a.manual, each holding part
of that manual in their files. If one of the users sudienly
needs information from the otaher user's portion of the
manual there needs tc be a means for access. In certain
applications, especially military, speed is essential in
information transfer, Transcribing data in the manual acde
is ineffective Jue tc slow response time and an increased
chance of error.

One option that will help eliminate some of these prob-
lems is networking. There are two differernt types cf
networks preserntly in existence, long-haul and local area.
long-haul pertains to large geocraphic areas; examples being
TELENET, TYMNET, ARPANET, and the public telephone systea.
Local area concerns itself with a much more restricted
geographic area; examples being ETHERNET,OCANINET, ©2CNET,
WANGNET, and LOCALNET 20. Our interest lies witnin the
field of local area networks (LAaN).

One major distinction between types of LANs is taseband
versus broadband. Baseband is limited to transmission of
bits of information while broadband allows transmission of
video, audio, and digital data. Normally, baseband is also
limited to single channel connections while broadband allows

multiple channels for transmission. For our interests, the
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k¥ey factor is that broadband requires expensive hardware and
software. We have therefore focused on a baseband 1AN
systen.

To focus our efforts even further, we compared asynchro-
nous versus synchronous data transmission. Ir asynchronous
transmission, machine interface is controlled by start and
stop signals (handshaking) between the two microcomputers.
Synchrorous transmission regquires both micros to operate on
the exact same timing signals, either through a shared
timing circuit or highly accurate timing systems at both
ends. By themselves, no two computers - even of the sane
make and model - can ke guaranteed to operate synckronously,
ard the cost of higily accurate timing is cut of ranje for
the small user. Since the nilitary needs a low-cost,
readily available system (see Chapter 1IV), we focused our
efforts on asynchronous, baseband LANs.

LANs have become a common addition to many large organi-
zations. They provide communication witkin a buildirg or
small groups of buildings, such as on a campus. Specific
configurations depend on the vclume and characteristics of
the traffic, and the demands fglaced on the systenm. locai
computer networks can also share peripherals. Snaring
printers can be very cost-effective. By reducing the need
of multigle printers, the idle time is kept to a ainimunm.
Also, 1if one breaks down, the operator takes advantage of
one of the other shared printers. Electronic mail may also
justify the network depending or its implementatiorn.

The military, which for ovur purposes is another large
organization, has many of these same needs. The acquisition
Frocess varies between orgjanizations. Standard acguisiticn
methodology for the military is to evaluate present and
future needs, come up with a list of reguirements which a
system could accomplish, competitively bid the systeam, and
then await completion by a chosen manufacturer. This is an

. -' - L] I.
’ R 'td ¢ . -'- .'..{f..‘ ¥ X K .
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" over-simplified description of the actual process, but it
e will suffice for this discussior.

A large factor in determining which systems will be
ohe actually e acquired by the @ilitary is availability of
;;f funds. To alleviate some of the monetary problems, DoD
;3; tries to incorporate systems which can be used by the four
, major services; Navy, Air Force, Army, and Marine Corgs.
KSK lLead-time required to obtain ar operable network satisfac-
tory to one or more services is usually measured in years,
AR and the final product usually negqlects the needs of scme
echelor levels.
To £ill the time-to-acguisition gap, we have develofped a
program, MICROLAN! for transfering computer £iles betuween
the types of microcoaputers that are already present in the

field. Since we use eguipment and technology already avail-
able in the field, our miniature LAN can be quickly and
cheaply installed. Ccst is discussed in Chapter II.

To simplify the design of MICROLAN and ensure the flexi-
bility of operating cn different microcomputers, we 3id not
e include fprotection from collision of data on the transmis-
2 sion medium if more than one micro tries to transmit a file
.ﬁ; at the same time. If a secornd user tries to transeit a file
< while a file transfer is in prcgress, the receiver rfor tae
- original file transfer will have a checksua mismatch with
-'f' the original sender. Eventually the file will make it
| thkrough, but transmission will ke disrupted urtil the second
transmitting unit decides to stcp sending. As a result o:Z

this [problem, a second file transfer session cannot bLe
@if safely started until the first file transfer hLas Dbeen
-iﬁ completed. 4e refer to this limited capacity of only cne
}if file transfer on the net at any given time as "low density" ;
;; traffic.
%ﬂ 1Copyrigkt 1985, Rogér D. Jaskot and Earold W. Henry !
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‘MICRCLAN allows transfer of computer files from a disk -

(uard or floppy) in one micro to a disk in another micro. ;
The files can be man-readable Jata or text files or nmachine E
readable operation code. MICRCLAY also takes advantage of :

common eguipment that is inherent to the majority of micro- ‘
pProcessors. As an example, the RS232 is a standard inter- -

face connection on most microcomputers. Any medium that b
accepts the 35232 (hardwire, AC modem, phone modem, fiber :
optics, etc.) can Le used with MICROLAN, whereas other file %
transfer programs are coapany/device dependeunt. A particu- o
larly cheap medium would be the use of existing power systen f
wirirg (ie. - the wall power ;lug) as an access to cther .
coapuaters. However, a device called an alternating current :
(AC) modem would be necessary to make suci a connection. .
Such a device is now available ocff-the-shelf. f
The training required to use MICROLAN is minimail. The -
necessary cocputer skills should already be present for
those persornel presently workirg with the military systens. -
Actually, only routine clerical skills are needed for grorer i
operation. o
3
L
- :
g i
¢ L
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II. PBOGRAY DESCRIPTION

The intention of this chapter is to give the reader a
rroad overview on the purpose arnrd functions of HICROIAN. A
detailed description invoiving assermbly ianguage is
availabie in Appendix A.

MICRCLAN is a file transfer program intended for use
with most microcomgputers. It's a very straightforward
progranm designed to reduce the need for manual transcription
and Jdelivery of files. The reduction of error inherent with
the manual transcription is a henefit with this system. The
program car be used tetween microcomputers within an office
or hetween different hbuildings. The design of the progran
is based on the 1lower networking levels (see Chafpter 4).
MICROLAY is readily available ard can be implemented in any
size military command or installation. It is presently
written in assembly language for CcpP/M2 - 80, CP/M - 86, and
MS.DOS.3 (Copies of each prograr can be fournd in Appendices
C,D, and E respectfully. Very minor ckanges will have to De
made to the program, depending on which microprocessor is
used) . Using one of these three versions as a basis,
MICROLAN could be tramslated to operate in another language,
if needed. However, we feel that these three versions
should be compatible with the wmajority of the systems pres-
ently operating in the military. MICHEOLAN has been tested
on Northstar, Apple, and IBM microcomputers.

In MICROLAN, we have improved on asynchronous
{(character-ry-character) transgission by adding the higher

speed of synchronous transmission. Rosner states that:

2reyistered trademark of Digital Research
3Registered Trademark ol Microsoft Corporation

12
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Low-speed, asynchronous character~by-character terminals
operate in typical speed ranges_ of 75 to 600 _bits/
second. Thls class of terginal is a nmonintelligent
device and thus caanrnot respond to the protocol reatlres
of a packet switch interface. digh-speed SYLchroncus

- biock-ry-block terminals ogerate.ln typlcai speed ranges
of 1200 to 9600 bits/second. This class of terminal Can
range_from non-intelligent - shich car only respond to a
very limited_set oI level 2, link-control ' commands - to
highly intelligent,_ _processcr-controlled terminals -
which can _supgort all packet switched network protocol
features_with the fcssible exception of multiplée simul-
taneous logical connections. {Ref. 1: p. 1185

MICROLAN is asynchronous in transmission method.
However, due to its structure, MICROLAN can operate at the

speed cf synchronous transmissicn (theoretically, as high as

19,200 baud). The value of 19.2 kbaud is the practical 5_?]
limit for RS232 hardware units. g;ﬁ

We realize that there are systems with f[faster transfer fﬁﬁ
rates presently available, however, the hardvare rejuired ifﬂ
increases the cost of the syster dramatically. R

Since MICROLAN is a baseband LAN, we vwill compare its f}f
cost to other baseband Li¥s. 411 of the costs yiven assume ﬁgf
that the user already has the microcomputer to be used in ;{5
the systen. The cost for Ethernet is 3988 per user, witn a {3?
pminimum starting cost of $2202 [Ref. 2: pP. 151] Omnicet lﬁi
costs $€50 per user with a 32230 minimum [ Ref. 2: p- 141] Eﬁa
and PCNet costs J742 per user with a 31762 miniaum [Ref. 2: ﬁﬁ:
p- 129] YICROLAN has no @minimum cost for software (the f;?
program listings are in Appendices C, D, and E) or for a =
starter kit. The cost for hardwire connections should be a %;
maximum c£ 350 for a saall system, and for an AC modem S
connection would be about 3150 per user. By restricting 53
MICROLAN's capabilities, Wwe have been able to provide a ﬁg
readily available, lcw-cost LAN system. User interface with Eﬁ
MICRCLAN is minimal, and is driven by on screen instructions ;ﬂ
once the user has initiated prograam execution. o

MICRCLAN 1is intended for use by organizaticns as a :
convenience, and as an alternate means of sharing
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information that is not: time-sensitive. By "convenience",
we mean that you can get or send the informationr without
having to leave your work station. "Time-sensitive" means
that the information loses value with every extra second
that it takes to get to the receiver.

MICRCLAN requires action on both sendinjy and receiving
ends to initiate transfer. The users aust meet on the net
at either a standard time (e.g., 0900 each Tuesday), or they
must coordinate just prior to starting file transfer (e.g.,
a phone call saying meet me on the net and send the file).
Timing as far as whether the sender or receiver starts first
is not critical; however, the send portion of MICROLAN dies
after alout a minute with no contact. If this occurs, the
computer must be rebooted. The receive portion of MICROLAN
will wait indefinitely for contact from the sending aicro.

To show how MICRCIAN is used for file transier, consider
Capt X, who needs information from Lt Q on a new project.
(Procedures would be the same if Lt Q needed a printcut of a
file, but Capt X had the priater.) Assuming that the phys-
ical connections are already made, Capt X calis Lt ¢ and
tells the Lt to send the file or the net in 15 minutes. At
that time, Dboth Capt X and Lt C type "MICROLAN" followed by
a carriage return. If they are wusingy the CP/M - 86 or
¥S.DOS versions, the Capt and Lt will now be asked to select
transfer baud rate from a menu (see BAUDMSG in Appendix F).
The selected baud rates must match. Next, as the receiver,
Capt X types an "R". The Capt is asked whether to write the
file to the A, B, C(for CP/M-86 or MS.DOS), or default disk
drive. Once the Capt selects the appropriate disk drive,
his or her micro is in the receive mode and proceeds under
control of MICROLAN wuntil file transfer is completed. As
the sender, Lt Q tyres an "S" to enter the send mode. The
Lt is then directed to enter the name of the file to be
transferel in the format "RB:Filename.Filetype"™ where B

14
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represents the B disk drive. If the file was in the C
drive, the Lt would replace the B with a C. If Lt ¢ typed
in the filerame in tle format “Filename.Filetype™, HICROLAXN
would assume that the file is on the default disk drive.
Once Lt Q has entered tke filename, MICROLAN takes over and
no further action is required of either wuser unless Lt Q
decides for some reason to aktort file transfer. If the Lt
should decide to do so, he or she could stop sending the
file by rressing the <Control> and "C" keys at the same time
just after a "*" has been printed on the screen to indicate
that a 128-byte frame has been acknowledged.

MICRCLAN begins Ly sernding and receiving "handshaking®
indicators allowing the micres to become synchronized.
After the program is satisfied that they're in sync, the
transmitting micro sends the filenaze and ensures tkirough

error checking that the correct filename was rTeceived. ff}

After this acknowledgement, tke transmitting micro begins %ﬁ

sending 128-byte blocks of information across the line. A &;}

checksum is calculated throughout transmissior ard is éd

checked after each block is sent. If it checks good, then -ﬁT
transmission is continued with the next block. If an erzor Ef?

is detected, then tlte block is retransmitted. This proce- ﬁs

dure is continued until the entire <file is seat. When the ;d

end of the file is reached, ar "end-of-file" indicator is Eﬁ

sent, telling the receiving =®icro that no further file ;&?

information will be coming and to go ahead and close the Ei'

file. A handshaking process then takes place, acknowlelgiag i;

file transfer is complete, and that both aicros are ready to e

return to the operating systes. Both micros then exit the i;

i program and are ready for the operators nrext desired Z;ﬁ
- command. it must be noted that, while MICKCLAN 1is ;&‘
f executing, the two microcomputers cannot be used to perform i;
{ any other operations. :ﬁi
=

R
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There are some safety factcrs incorporated for ease of
operation, First, if the trarsmitting operator decides to
abort transmission at any time, an input of "Ycontrol C" will
execute the abort. A message will let the receiving oper-
ator know that file transmission was aborted and that an
enpty file exists under that filenane. Second, if the
receiving file already has an existing file with the sanme
filenanme, or if tle transmitting micro caannot find the
desired file, execution will stop, advising both sides of
the situation. Third, if the receiving micro has a full
disk and cannot receive the entire file, transfer will be
aborted and both the operators sill be advised. Appendix A
expands on the above routines if any clarificationr is
needed.

MICECLAN has been tested fcr operationm in sending poth
man-reacdable text/data files and macanine-language comamani
files. It has been tested for transfer at 1200 baud Letween
twvo Apple micros, twc Northstar micros, Apple to Northstar
and Ncrthstar to Aprle. Tests were also run at 43800 Saud
from Northstar to IBM PC , IBM EC to Northstar, and tetween
twvo IEM PCs. Operation of MICFOLAN was also tested at 9€00
baud letween two IBM ECs; however, the code lcgic used ia
MICROLAN proved unable to cope with the timing prollerms at
this speed. Future revisions cculd overcome these probleas.
These tests were performed using hardwire connectiosns;
however, results should not vary with different connection
media.
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ITI. MILITARY APPLICATIONS

MICPOLAN can bLe used by the ailitary to help nmeet
current information sharing needs. Its attributes help
alleviate certain prcblems that exist in current systems or
that arise when obtaining a new systea. One major prcblem
the military encounters is the time delay that exists
between statement of need and delivery to the service. Too
often is the case that when the finished product is finally
fully operational, the "threat" is at an advanced stage,
thus makiny the system somewhat obsolete. Rather than
waiting for a technolcgical breakthrough to occur that will
take care of any possible future threat, a system has to be
deployed ¢to counter the current "threat". MICRCLAN is
available for immediate implementation. It can be used Ly
jtself, as an enhancenent to existing systenms, or in the
develcraent of future systems.

The cption exists for intra- as well as inter-service
use. If the need for Jjoint interoperability doesn't arise
in a srecific situaticn, MICROLAN is still fully operational

within the realm of a single service. Inter-service use
roses no major changes either. The same existing hardware
and software are still used. MICROLAN can be quickly

adapted to almost any microcomputer, thus overcoming the
profusion of dissimilar equipmert in the field.

Required operational training of personnei is kept to a
minimum with MICROLAN. The military employs a vast range of

AAARASS

.|

ofa
-"

E users, varying in educational rackgrounds. MICROLAN's ease
of operation 1is 1limited only by the most rudimentary
knowledge of the typewriter keyloard.

Cost overruns, scheduling delays, contract disputes, and
a myriad of other pitfalls plague the Department of Defemnse
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budget. MICROLAN is inexpensive, available, and easy to
incorgrorate. adhering to these attributes, MICROLAN would
not be a financial burden to the military. "Yord of mouth®
is one of the best promoters of a new product. Enhanceé by
promotional meetings, computer bulletin boards, satisfied
users, etc., MICROLAN's usefulness will hopefully be widely
disseminated to all facets of the military.

This chapter presents some examples of how MICROIAN
could te used by the military. It will also cite some exam-
ples of how the wmilitary is [resently trying to autonmate
information distribution.

A. NAVY

The U.S. Navy has undergone a major face-lift over the
past two decades. Significant breakthroughs in technology
has offered tremendous advances in ship-building desigr and
associated weapon systeas. Lue to these advancements,
decision-making by tle warfare coamander has been quickenel
Ly storter planning cycles, dissemination of orders, and
resulting outcomes of those orders. The "real-tire"
response to any attack has had to be critically shortened in
orier for present day operations to be successrui.
Turn-around time in paperwork has also gJgone through many
changes in attempts to minimize slack time <caused by
tedious, but necessary, record keeping. Personral files,
rarts orders, and =safety statistics are just a few c¢f the
necessary informaticn requirements for any large
organization.

¥hether it be in an oferational setting, such as the
Comkat Iaformation Center (CIC) aboard a ship, or in a
shore-rased supply facility, the Mavy is always looking for
ways of reducing the workload placed on its personnel. Cne
such system that the Navy is presently pursuing is the 206G

18
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i* [Ref. 3] system, which Las been placed on board the aircraft
carrier, the USS Carl Vinson, as one of three microcomputer
networks. This exaaple will fprovide an idea as to what the
-, Navy is looking for ir the field of computers. .

Z0G is a general-rurpose hurman-coaputer interface systenm '
that comktines the features of a database systenm, a word
processing systen, and an operating system shell. This
system is a distributed database system implemented on a
network of 28 high-powered r[rersonal computers (PEKQS),
interconnected via a wideband lccal area network (Ethernet).

The uses of a local area network with computers are
o seemingly endless. A fev examples of the 120G system will
o suffice. On btoard tlte USS Carl Vvinson, ZOG has been used as
a softwvare management database, vell suited for structured

e L

software developaent. It has also been extensively usel to
inplement forms of electronic coammunication, suck as elec-
tronic mail, bulletin boarids, and teleconferencing. In a
more ajvanced area, ZCG was used for project management; to
develop multi-level task structures which could be used not
o only for planning, but for ipbflementing ard evaluatirg as
T well. Other areas that were explored were training, inter-
facing with an exzisting systen, and retrieval of emergency
; cperating instructions (in this case, for commercial nuclear
power plants). As with alaxzost any new systenm, there's
-i always room for improvement. An extension of 20G 1is tke
Xnowledge Management System (KNS). In KMS the model of a h
frame has been extended to irnclude graphical as well as
textual itenms.
- The Z0G example fprovided a good insight as to where tae
ii Navy is looking in terms Oof newer technologies. Akscyn aril
;L McCracken brought out a good point in their report (Ref. 2).

A .

That is, how the users of the system can make tkeir work

v _ a l‘ B
[N N
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1sable by others, esrecially since there are few situations

¥

in the real world where people do not depend on interactior

[

.
'I

with others to accomplish their work.
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Our file transfer program, integrated in a local area
network, could alleviate some cf the problems. To gair a
tetter perspective on the usefulness of tais program, let us
state that this project was nc¢t intended to be used in a
time-sensitive envircnment. Ar example of that would re in
use with the Navy Tactical Data System (NTDS) updatiny
friendly as well as enemy positions. In this situation,
seconds are critical concerning command decisiomns.

One area where this system could be very usefal is in

the suprly systen. It is irrelevant as to whethker the

supply department involved 1is shore-based or afloat.
Transferring files, part orders, etc., between buildings or
sLip compartments would drastically reduce the manual lakor
presently involved. Consolidating the payroll system woulil
greatly reduce the space required for ali of the necessary
papervork.

Electronic mail would be a cood use also. The adminis-
traticn departments would fird it wuseful in preparing
compand-wide bulletins (e.g. Plan-of the Lay) or collatirg
fitness reports. The communications department could
utilize the system for drafting message traffic. Instead of
congesting the commanding officer's desk with messages
awaiting approval, they could be sent to his disk, which he
could then address at his own leisure, returning finisked
copies at will. The maintenance department could "coanverse"
with the supply department in a more organized manter
concerning needed eguipment. The sarfety department, irn
conjunction with the maintenance department, would Le alle
to pass or collect necessary statistics needed for periodic
reports.

These are just a few examples which could be incorfo-
rated within a command. They would not have to utilize
these opportunities all the tine, however the option wculd
te there. The main benefit of this systeax is elimination of
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transferal of paperwork between departments (or even within b
Jepartments). Having a condersed file of needed inforzation
on one disk would definitely reduce the amount of 1lost
information due to scattered, and inadvertently discarded,
papervwork. One important aspect to keep in mind is that the
manual method of information transferal would still be
available, if needed for one reason or another.

B. ARNY

The U.S. Army does not enjoy the luxury of being numeri-
cally surerior to present day ofposing forces. Bven thoujh
the Army has a slight gualitative and technological advan-
tage, the threat comkines its numerical advantage with its
increasing weapon anpd combat technologies to at least
nullify the slim margin the J.S5. preseantly holds.

The Army, 1like the other services, tries to utilize as
much new technology as possible to sustain this margin.
There is more information on and abouat the battlefield today
tkan ever tefore, however, the staff essentially still
processes the information in a zanual mode. There are scme
automated procedures, but the bulk of the system contains
mostly manual procedures.

In crder to alleviate sowme of these problems, the Army gq
has introduced CPASS (Command Fost Automated Staff Sugport -
Systen). {Ref. 4] The primary purpose of the CPASS system
is to provide automated assistarce in performing staff func- -

tions. The automaticn devices and software of the systea f:
are tools that expand the staff's capabiiity to handle more :f
information and to utilize the information more efficiently. E:
Some of the intended uses for CEASS are: 25
a) An information processirg systen to develop and Lﬁ
execute staff plans ani operational orders. :H

2]

4

-
s
rry e,

e

21

s v e
v

A A

2

-




Provide a near-term staff wide comaand post autcmated

information Jdistributior and decision sugport
capability.

Provide more real time and near real-time accurate
information to commandars and their staffs.

A grarhical situation display and hard copy overlay
capability.

Automation for toth tactical and garrison applications
without a requirement Zor intensive train-up or tran-
sition to meet deployment or operational requirements.
Such a system is required for daily use, Dnot just to
support the derloyed command post.

A initial caparility for the evolutionary development
of concepts, doctrine, prccedures, hardware, and soft-
ware for the «continuing automation of conmand post
staff activities.

Capability to =support the dispersed command post in
accordance with current doctrine. It must deamonstrate
the additional operational and organization changes
required to suprort the dispersed command post.

Itees b,e,f, and g are along the same intentions (auto-
mation of coamands, information sharing, and w@iniazal
trairing requirement) as that c¢cf WMICROLAN. The hardware/
software make-up of the CPASS is unquestionably 1larger and
more complex than our system. However, some of their conpo-
nents and structures are used fcr the same basic purposes as
ours. A few of them are:

a) Within the command post cluster, devices are intercon-
nected by a local area retwork (LAN). The LAN is
physically versatile and can interconnect devices in
all shelter configurations of a command post cluster
(expanilatble shelters, buildings, or withir an araored
command post vehicle or van). Media types to be used
in LAN include twisted pair wire, coax cable, or fiker
optics.

22
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b) A Network Computer Unit (N¥CU) containing a network
interface element and a microprocessor perforams data
routing functions within the work station, and tetween

the work staticn and other cluster devices.
c) The file storage device stores elements of the data
bases of other command pcst clusters in anticipation ;
of combat loss or egquipmert malfunction. ;j
d) The communications processor, in conjuanction with the :3
copmunications dJevices < the area communications s
system, provide end-to-end message transport service ;

to allow essential interstation comaunication, such as Ef

ot
oy

message routing, data base 1interactions and grarhics

data transfer. |

The required personnel traininjy for CPASS 1is very ]
similar to ours. The introduction of CPASS is not projected ;;
to reqguire increased command post marningy ievels, =new mili- _j
tary occupational specialties, or Army skill indicators. o
Operators are those who are already assigned to command vost ]

staff furnctions. Rcutine clerical skills are the mininun i
essential personnel gqualification skills reeded to ogerate -

[
Lo ol ta’ e g o &

the system (i.e., typewriter keyboard, filing, etc.).
The CPASS exampie is a good indicator of what direction

-,

the Aray is heading in terms of computer \use. Our systen

contains many of the same Jualities tnat the Aray desires

.
Pl

D PO

and requires.

s

C. AIE FORCE

The Air Force is deeply invcived in networking headguar-
ters and tactical functions. However, the focus is on
expensive broadband networks and tends to neglect the

smaller users. The report or the Hardened Tactical RAir
Contrcl Center (ETACC) even states that:

23 o




Al A R T T P T e T W RN T e RV TR N R R T T W W N TS NN "'ﬁ—‘;ﬂ.v—‘v.‘r ) --"_‘.-' A

0f the_three major functions in the HTACC--intelligence

operations, and logistics--the direct automatlon.supgor{
from,the‘CéNSTANT ATCH Program is largely restricted to
the intelligence arnd operations_ functlons unéer current
plans. Irdirect support for logistics furctions will
result from_ the aytomation  _c¢f ihteliigence and opera-
tions functions which logistics, K uses and from secohdary
use of the communication” capabilities iamplemented under
the CCNSTANT WATCH program. Eveatually, logistics auto-
maticn regulgements nuSt_be addressed,” and, hopefully,
integrated with the intelligerce and opera£1ons activi-
ties. [Ref. 5: p. IXI.4

The HTACC invelves use o©f high-cost broadband tech-
nology. Ouvr method could use the power calles that must be
present anyway, and requires cnly an AC mnodem and minimal
cabling in addition to the RS232 that is standacd cor most
microconputers. Since the lcgistics recuirements are not
real-tinme, and shculdn't be extremely high density in
traffic, they could te supported by MICROLAM. Rerorts on
status of supplies and requests for movement of supplies are
the types of trafiic that could be expected on the systenm.
Also, ainor information transfer Letween control positions
in the TACC <could be accomplisked on our system, reducing
the worklcad on the real-time LAN systen.

The Air force 1is also working on a LAN (PENTANET) for
the Pentagon to provide:

a) The exchange of data between local and reaote interac-
tive Keyhoard Video Display (XKVD) terminals and iocal

and remote processors, wherein 1local and remote
connote devices within and exterior to the Pentagcn

b) The electronic exchange of variably formatted regorts
and documents tetween local and remote workstations
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c) The local and remote distribution of digitally encoded
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graphic and facsimile products
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d) The transfer of data files between local and remote

. frocessors and between local and rezote perigteral
< devices
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e) The transfer and distribution of teleconfererncing and
ccmmercial videc and associated analog voice, and low
speed aralog and dijital control signals

f) The switching and exchange of analog and digitized
voice signals Letween users. [Ref. 6: p. 9]

Here, our program could be used to supplement the
PENTANZET as an interoffice message transfer system, reducing
the major net's worklcad. The memos could include cocrdina-
tion on 1letters or short documents that can also be sent
using cur progranm. File transfer via MICROLAN 1is not
limited to text. If one office has a program that anctler
would like to use, it can be passed over MICRCLAN, weven if
the ccaputers are not the same trand name product.

Ancther 2ir Force function that could make use of cur
program is the Base Information Transfer System (BITS).
BIT5 is the base mail system. Memos, completed forms, llank
forms, arpointment notifications, general mail, and coordi-
nation copies of documents are transported around base usirng
this systen. Base administrative personnel pick up the
correspondence, take it to a central processing office, and
then deliver it to the destination. From past experience,
BITS has been kaown to lose nmessages, and the only way tlat
has Leen recommended for improving timeliness of service is
an increased number of delivery runs [Ref. 7]. To implement
more runs would require more personnel, therefore increasing
costs. Use of MICRCIAN would bhave a low one~tire cost and
almost no upkeep. One additional reguirement for icple-
menting cur system on a base-wide basis, 1if power systen
wiring is to be used as the net, would be installaticn of
capacitors on power transformers to allow the LAN to cover a
wider area of the tase. The capacitors would allow our
signal to pass through the transformer while preventirg the
AC power from crcssing over. Installation would be only a

minor ©problenm. Jemcs and cocrdination would require no
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modification to be rpassed using MICROLAN. Reports and
supply reguests could be formatted and transferred to action
agencies for printout on the receiving end.

One possikle use was suggested by Hgq Tactical Air
Command, Tactical Air Forces Interoperability Grouyp (IATIG).
TAFIG identified a need £for tramnsfering wing or squadron
Jatabases to computers onboard aircraft. This would require
either a disk system in the aircraft or storage of the
program on a programmable memory chip, whick would be acre
reasonable. This system would provide pilots with data
through the onboard computer, Jdecreasing some of the time
that would be reguired for briefings on the ground.

D. HARIXE CORPS

Fe contacted the Marine Corps Coamand and Ccatrol
Systens Cffice at Camp Pendletcn, California to deteranine
what types cf network systems they were looking for. They
indicat>d that they have immecdiate needs for interoffice
file transfer and mailgram systenms, both of which MICROLAN
can provide. They also have a need for a tactical message
transfer system in the 9670 baud transfer range, which would
have to be able to be sent via encryption or other secure
peans. Oour system of trarsfer usinj RS232 technology and
the tuffers built into MICROLAN should allow trarnczission
via a variety of media, includirg fiber optics. Although we
have not tested AICRCIAN with encryption, we do not expect
serious problems in doing so. In addition to these uses,
the CPASS system mentioned under the Army section of this
chapter contains uses that wculd also apply to iHarine
operations.
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E. CHAPTER SUMMARY

In this chapter, we have presented several possitile uses
for our file transfer program in filling present require-
ments of the four service branches. We have not atterpted
to enumerate every pcssible application of our program, only
some representative uses for each service. There are most
certainly more file transfer uses that exist that MICROLAN
can be applied to. The key prerequisites for wusirg our
system are that the 3Jata is rct time sensitive and that
traffic is low-density. A review of our suggested uses for
MICROLAH shows that there are applications throughout the
spectrum of service orgarnizations-whether in the back cifice
or on the battlefield, shipbcard or aboard aircraft-that
meet these prerejuisites.

Use of MICROLAN for interoffice memos could be applied
to any installation or organization. Por example, the Navy
Postgraduate School bhas a need for an inter- and irtra-
departmental mailgram system. Intra-3departaental netwcrking
should be no problem for an AC modem system, since members
of a given department are usually grouped together in the
same building. For inter-departmental use or departments
that are sgread across campus, capacitors would hnave to be
used as pgentioned in the Air Fcrce section of this chapter.
If use of the system becomes saturated, methods idertified
in the Conclusion for separating nets could be employed.

I+ is important tc note that the use of RS232 interface
technology allows a varied means of connection Letween
sending and receiving units. This is a significant factor
in MICRCLAN's Zflexikility. Another aspect asrect of
MICROLAY that contributes to its flexibility and intezoper-
abiiity is that it is confined to the lower levels o0f the
International Standards Organization (ISO) model. This

ensures that neither higher levels of computing power nor
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specialized components or exotic software are required to
implement +the MICROLAN systen. Chapter & explains how
MICRCIAN fits into the ISO model.
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IV. MICEOLAN AND TEE NETHORK MODEL

To understand where MICROLAM fits into the Intermnational
Standards Organization (ISO) Cpen Systems Interconnection
(0OSI) model, the basic basic idea of that model's concepts
are given. The ISC 0SI model consists of seven layers
(levels) corresponding to computer <functions ard intercon-
nection. These range from a lasic physical 1layer to user
interface. Pigure 4.1 is the standard representaticn oI
these layers.

COMPUTER A COMPUTER B
PEER ILEVEL
INT ERF ACES
LEVEL 7 LEVEL 7
application applicaticn
LEVEL 6 LEVZL 6
rresentation presentation
1EVEL 5 LEVEL 5
session session
LEVEL 4 LEVEL 4
transport transport
LEVEL 3 LEVEL 3
network net work
LEVEL 2 _ LEVEL 2
data link data lirnk
LEVEL 1 LEVEL 1
physical physical

Figure 4.1 International Standards Organization
Protocol Podel.
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A. MCDEL OVERVIEW

The seven layers cf the O0SI model are discussed in short

and at length ty many authors on networking comyuters. The
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hest suepmary that we found was 5oy Rosner's bkoox in which he

states: R

| WRPIR

The lovest level of the ISQO protocol aierarchy is
the physical level, where ﬁrevlous;y defined standards
vere applied to defipe the ysical interface. BK nhys-
ical 1interface _to the netwcrk we refer to _the F[Fin
connections, electrical voltage levels and signal
formats. Level 2, known as’ the data-link level,
controls the data 1link_between the user and the network.
This level defines _data format, error _control and
recovery procedures, data trarsparency, _and iaplementa-
tion of certain command segquences. Por noaswvitched
networks, or the interface of simple terminals with
conruters throu%h point-to-pcint services, generally
only levels 1 and 2 are required. Networks deSiganed by
a szngle manufacturer arodund a single product™  line
generally do so with a comtiration of level 1 and level? -
protocols. . ] o

Level 3, the network level, defines aost of the
prctocol-driven functions of the packet network irter- b
face, cr the internal network. It is at this level that
the flow-control G[procedures arc employed and where
switched services are initiated throug a data call
estaplishment procedure. . .

Level 4, nown as the traasport ievel, assures the Ny
end-to-end Zlow of complete messages. , If the network N
requires that Bsessages "be brcken down into  segments or
gackets at the intérface,  tle transport level assures .

hat the_ message _segmentaticr takes place and that the .
messaye is properly delivered. .
) Lével 5, the session control level, contrels the -]
interaction of user software, which is exchangirg_data
at each end of the network. Session control’includes
such things_as retwork log-on, user authenticatior, and
the allocation of ADP reSources Wwithin user_ ejuipment.
Level 6, the preserntation 1level, controls™ display
forrats, data code _conversion, _and information going to
and from peripheral_storage devices. Level 7, gbe aser
grocess or user application level, Jdeals directly with

he softwvare application programs that interact tarcuyan
the network. i

,Althouagh at_ levels 5, €, and 7 the protocol is
defined from a functional viewpoint, implementation of
standard software that can oferate at these levels has
been slow. The software_at ‘all of these levels (often
referred to as peer-ievel software) tenls to Lte bLeth
eguipment and application dependent. Jowever, tae
layered _approach, to protocol Jevelopment achieves a
degree of "i1solation and modularity between the varicus
lajers, so that changes in ore level can be mide witaout 2
changes in any other level. [Ref. 1: p. 9]
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MICRCLAN's structure fits 1into the lower levels of the
0SI model. For our furposes, it is important to note that
layer 1 signaling modes inciude: full duglex, half-durlex,
synchronous, asynchronous, balanced, etc. There are also
several standards that exist at layer 1. For examgle, there
is =ZTA's RS232 and RS449, and CCITT's X.21, V.24, and v.35.
[Ref. 6: Pe 97] Hcw MICROLAK functioas in each léyer is
€xplained in the follcwing pages.

B. PHYSICAL LAYZR

For the Layer 1 interface, we take advantage of E£ES232
technology, thus providing a standardized physical interface
for MICR0LAN. This eliminates the problieam of matcaing high
and low voltages for different computers. Normally each
individual bit is regarded as an entity for 2hvsicai layer
purposes; however, in our design, an 8-bLit byte is used as
ar entity for transmission of data. This 1is the smallest
segment of information handled by a microcoamputer's accumu-
lator, and is the ASCII representation of data characters.
It is in this layer where we get our greatest flexibility.
This flexitility arises from the <fact that a variety of
methods exists for 1linking one RS232 to another, as
mentioned in Chapter I, providing the user with optioas in
the tyre of hardware they can use.

C. DATA LINK LAYER

In this layer, our data is grouped into a ‘'frame' of 128

bytes. This number egquals the storage <capacity of the

Direct Memory Access (DMA) buffer that is standard on micro-
computers. A £file is broken into frames and reassembled

I I L

using the gicrocomputer's operating system commands. On the
serding side, a read sequential command breaks cut the

I,

sequential frames by readiny 1z8-byte blocks into the DMA
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for trarsmission. On the receiving end, the DMA is filled
by the 128 bytes that were sent, then a vwrite sequential
coraand places the frame into the new file in seyuence. BY
doing this, we prevent having to develop software methods
for sequencing frames.

MICRCLAN performs error checking on a frame tc frame
tasis. Within each frame of data, a checksum is calculatel
by both sender and receiver ard compared at the receiving
end. If the two checksums don't match, the receiving micro
informs the sending aicro, which then retransmits the same
frame of data, repeating until the frame is acknowledged as
received correct or the sending user decides to abort file

transfer. Combined with the error <checking, we laiit

buffers in to allow slovwer nmicros (e.g., Apple versus

Northstar) to catch ur to their faster counterparts.

Since we use the DMA regulated 128-byte block for our
data frame on both ends of transmission, the amount of data
sent at one time can never exceed the receiving micro's
buffer capacity. Therefore, MICROLAMN doesn't require a
‘buffer space 1left' notificatica that would normaliy occur

AP OIS Y et o e B VW 2

in this layer. [Ref. 8: p. 17)]. Instead, it is at ttkis
level where the receivirg micrc checks for free disk space

and informs the sending micro to abort £file transfer if
there is no more disk space for storage. Finally, one frane
must be ackrowledged as received and correct before MICROIAN
will send the next frame. This eliminates the problienm of
duplicate or lost data frames.

As stated by Rosner in the above quote, +this is the
highest 1level required of simple, uwouswitched networks.
However, in order to allow the user some control of
MICKOLAN, we do provide some features in tie Sessior layer.

[
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D. SESSION LAYER

This is the final layer used in MICROLAN. Here, the
user invokes MICROLAN and initiates connection ty selecting
send or receive functions. During this process, the user
also selects which disk drive (default or an alteraate)} for
accessing or storing the file. The sending nuser's option of
aborting file transfer also falls wunder the definition of
this layer. See Chapter II for operation instcuctions.

E. SUNMARY

The majority of MICKOLAN's activities occur in the lcwer
two layers of the 1ISO O0SI nodel, as seen above. As 3
result, user friendliress is limited. Also, as mentioned in
Chapter II, MICKOLAN monopolizes the computer, allowing no
other operations. MICEOLAN is leing used as the basis for a
higher level network system by a fellow NPS student, LCDR
Jeanie Zgbert, in her thesis, "A MICROCOMPUTER NZTWORX:
INVESTIGATION AND TINMPLEMENTATION"™. The coumbinaticn of
MICRCIAN and her thesis prcvides a more presentation
oriented structure. LCDR Egbert's LAN system allows the
user to perform other operations on their micros waile files
are teing transfered.

Since MICROLAN performs no Network Layer functions, no
collision detection cr preventicn is provided - as mentioned
in Chapter I. Flow cortrol is 1limited to the link Letween
one sending and one receiving micro on tae n=twork.

By 1limiting MHMICROLAN's main functions to the louerw
layers of the IS0 O0OSI model, we have provided a siapie,
nonswitched file transfer systenm {LAN). ATICROLAN 1is
designed to operate on a variety of microcomputers, not just
one product line. Therefore, vwe have gone one step farther
than Rosner indicated in the first paragraph oi his sodel
description.
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Further improvements can always be made to a progran.
We identify some of these possitilities in the next chapter.
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A. CONCLUSIOES

The need exists for a [public domain low-cost £file
transfer system to provide an alternative to commercial
systems (e.g., ETHERNET). The type of transfer considered
here 1is low-density traffic that is not time-sensitive.
Types of files include computer programs (both in text and
in machine code), data, messages, and text files.

Our solution was to take advantage of standard RSzZ32
technology that is used by all microcomputers. Tais aakes
MICRCLAN capable of operating cn a wide variety of micros.
¥riting MICEOLAN in CE/M, CP/M-88, and ¥S-DOS5S versions of
assenkly language makes it compatible wita-at a
minimum-Northstar, Apple, and IEM-PC compatibles.

There are two key restrictions encountered wien usingjy
MICROLAN for file transfer. First, MICROLAN monopolizes
both sending and receiving micros so that they are not
availarle for other purposes until file transfer is
completed. LCDR Egbert's thesis, mentioned in Chapter IV,
addresses this problen. Second, only one file tfansfer can
be conducted on a particular net at a given tinme. This is
because MICROLAN has no detection or prevention of on-line
data collisioans. Providing multiple paths in a given
network area would reduce chance of coilision and allow more
than one transfer at a given tige. A method for doing this
is discussed in the second part of this chapter.

Our intentions were to keep MICROLAN simpie, so that an
in derth knowledge <c¢f computers is not required t> use it.
Once the RS232 connections are made (standard Fplug connec-
tors make this step relatively simple), entering 'MICRCLAN'
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from the consoie presents the user with easy to follow
instructions 3ircluding sample inputs that lead to ifile
transfer. During execution, MICROLAN prints phrases on the
user's screen, informing taem of transfer status. These
on-screen comments are shown in Appendix F. Also, a '*' is
rrinted cn the screens of both sender and receiver for each
128-byte block sent. A 'b' 1is printed on the sender's
screen for each unmatched checksun, This feedback allows
the users to see that transfer 1is occuring and determine if
problems exist (e.g., several L's in a row). The sending
user can exercise the option tc¢ abort transfer if the tal
checksuns persist.

Two safety features are included in the SLAVE sukpro-
gram., If the receiving disk already has a file witc the
same nampe as that c¢f the file being transfered, file
transfer 1is aborted and the wusers are inform=d of tae
problem. This protects an existiny file from being over-
written Ly a new file. The other safety feature is acti-
vated when the receiving disk runs out of meaory srpace.

When this occurs, file transfer is aborted and both users
are informed. The file is not closed under this method, so
file transfer is 'all or none'. We <chose this metlhod

because, especially in the case of command files, serious
problems could arise fronm rartial transfer of files.
Command files cannot te readily repaired by the receiver Ly
merely ‘'typing in' the missing rarts.

In Chapter IIXI, we discussed various military uses for
MICPCI1AN, based on a search of rnetwork rejuirements fror the
four services. The main criteria for using MICROLAYN is that
the information reguirement nust not be time sensitive and
traffic must be low-density. KMICROLAN would also allow
organizations that can't justify the expense of a hiah-
powered network, an option for a low-power, medium sreed (u
to 19,200 baud) network at a much lower cost. Use of RS23

b
2
-
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standards means that the user can take advantage of whatever
connection medium is readily availakle, whether it ke tele-
phone, power lines, or direct wire. This would also helgp
lower costs.

MICRCLAYN operates mainly in lLayers 1 and 2 of the ISO
0SI network model, as explained in Chapter IV. It is a
sinple, transfer-oriented systea. User interface at tne
upper levels 1is the minimum necessary to operate the
progranm. Tkis was done delilterately to @maintaip maximua
flexibility in rewriting MICFOLAN to run con different
micros.

MICRCLAN has been successfully tested for ofperation
using hardwire connections between the 1RS232s, at rates up
to 4300 baud. When used with irterrupt driven programs such
as LCDR Egbert's, wkere timing problems will mot exist, we
expect transfer speeds of 19,200 baud to Le pcssible.
keplacing the hardwire connecticn with modems, fiter oftics,
or any other type of medium shculd not arffect operation of
MICRCIAN.

In MICROLAN, we have provided a flexikle, low-cost amini
1AN as an new option for information transfer. Cf course,
inprovements can always be made to any program, so the nex<
secticn rresents some that we recommend for MICROLAN.

B. RECCANENDATIONS

As mentioned earlier, MICRCLAN does not provide coili-
sion detection and frevention. One project for further
research would be to develop program code to 1incorgcrate
coliision detection ard avoidance into our program.

One change that would only rejuire minor modifications
is to return the user to the Send/Receive/Zxit wmenu after
file transfer is coapleted. We felt that returning the user
to the orerating system was more appropriate, but others nmay
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feel differently. At this same level-i.e., the menu-it
would also be possitle to add the ability to send more tkan
ore file in a session. This would require changes ir the
File Ccntrol Block lcad subroutine, as well as a change in
the end-of-file subroutine to loop back to send the next
file.

It is possible that noisy trarnsmission lines could cause
problems with MICROLAN's checksum procedure. A suktject for
further research would be development of an algorithm for
noisvr line error checking perhaps by using cyclic
redundancy. .

As presently written, MICFOLAN dumps files only to a
disk system. To add flexibility, menu driven surroutirnes
could be added to allow <file transfer directly to o*her
peripherals. This would aliow one user to ‘borrow'
another's printer without moving it. Of course, file
transfer would be slowed Dby the limited speed of the
printer.

Use of MICROLAN as a Bulletin Board system would rejuire
a aenu item in addition to Send/Receive/Zxit. Subroutines
to execute this option would Lave to use the Console Buffer
and Random Access Memory of the micro to store <rulletin
items. The first tulletins wvould print on tke uaser's
screen, with following items stored in memory. Tre systen
would have to allow the user %o page through the Lbulletin
items using console keys. The option to send as well as
receive items while retaining the previous items would also
be helpful.

To allow up to 500 micros to communicate in a given
area, the net can be troken irto separate subrets. Zach
subnet wculd operate cn a different frequency channel as set
up by a central contrcller. Ir the example of the NPS net
requirement, one channel coulc Le for the Superintendect,

one for logistics, one for each of the departments, etc. I
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53 a ore megahertz band, there could be 10-20 chanprels
s depending on baud rate. Since this is hardware driven, ao é
software change would be necessary. However, channel selec- -
tion could conceivably be software driven. If users are on :
several nets, they c¢ould use€ scanners to ‘listen' for
- messages on the different nets in the same manner as radio -
scanners are used to listen Zor messages on Citizen's Band f
-\ frequencies. .
Tied in with 'listening' for messages, subroutines coull .
;: e added to allow each user tc have a personal identifica- =
k? tion number (PIN), assigned by ret control. The micro wouid
= listen for messages to all users or to their PIY speciii-
cally, ignoring all others. Thkis would operate best in
conjunction with higher 1level programming, such as LCIOR®
- Egoert's program, that would allow the user to perfort other -
computer operations while MICRCIAN is lroking for messages. ‘
Oour final recoubendation is one that would make AICIDLAM -
operate as a token ring network. On boardi ship, where powar

ri is not a problem, the micros <could be left on continucusly =

s e
(2

{actually this is Letter for the micro). In corjunctiorn

with the PIN idea, software changes would have to be devei-

o
Foe w e

oped that would allow MICROLAX to be used as an intercoa

systeaum. Cne user would control the intercon, passing

i

control to other ausers as they have the need to ask or

answer guestions. Control of the intercom would then be

[P ETAN

z'a

passed back to the master user.

Y v
'

Otviouslvy, we have not covered every possible use or

improvemert for MICRCILAN, bat we hope *hat our descrirption

"

) of MICROLAN and its possible uses has planted a seed for

e future research and expansion of low cost LAls.
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APPENDIX A
DETAILED PROGRAM DESCRIPTION

Prior to writing assembly langquage code for MICRCLAN, we
develcped a flow diagram to shcw what we warted to accon-
plish with the prograr. We developed the Master and Slave
rortions in parallel, showing rendezvous points with
connecting lines. This flow diagram is shown in Appendix B.
From this flow diagram, we developed subroutines to actually
execute the steps and loops required to transfer a file.
The programs shown in Appendices C, D, and F include addi-
tions that make MICRCIAN more user friendly (e.g., ability
to select which disk drive or tc abort transfer).

The MICROLAN file transfer program consists of two
subprograms that operate on separate micros, with freguent
rendezvous to ensure parallel cperation. #e used modular
frogramaing style and develored the Master and Slave
subprojyrams in parallel to insure that the two would rendez-
vous at matching subrcutines. ClCata transier is up to 8 bits
per byte (ASCII or standard hex). Buffers had to be added
in the Master rendezvous subrcutines to allow the Slave
subprogram to catch up when using diZferernt zicros.

our program is writtem tc be used on microcomputers
using either CPM, CPH1E6, or ME.DOS computer program/aanager
operating systen. To allow use on othLer types of systexc,
cnanges will be required in the assembly laaguage ccde to
match that used by the micro to be used.

The remainder of this description refers to the CE/N-80
versicn of MICROLAN except as ncted. First, MICROLAN rust
know which language format will be used durirg cperaticr.
Language format refers to the type of <commands inherent to

the micrccomputers systen. Fcr example, the Apple loads
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data from the 1input buffer 1inrto a aemory address bLbefore
reading it to the accumulator, while the VYNorthstar takes
data directly from an inpat port to the accumulator.

If the micro operates like a Northstar, +the main charnge
needed is in the definitions at the end of the program code.
The user must change DATA EQU O4H to the number of the
micro's input port ard STATUS (QU 0SH to the number of the
status port. If the micro operates like an Apple, DATA1 and
STATUS1 must be changed to reflect the micro's correct port
numbers. The user should also verify that TXRDY and RXFDY
reflect the correct values fcr their =nicro. Since the
program is matched to Apple, Northstar, and IBM {(and compat-
ibles) types of microcoaputers, M4ICEOLAN should be useakle
ty a wide variety of systems. There are seven subroutines
affected by changing micros. They are POUT, STATING,
STATI¥2 and 2IN. Slave also bas the subroutine PIN1 tlhat
is affected, and Master ©Las S5TOP3 and SOCPM that are
affected. They're easily spctted because they are the
only sutroutines that use the IF statemeat. Also,
the appropriate constants will have to be aided at the end
of the progran.

At the beginning of the program (see Appx C), the rame
of the micro that you are using must bhe set egqual to TPIE.
For example, APPLE ECU TRUE. The name(s) of other ricros
rust be set to NOT TRUE. For exanmple, MORTHSTAR 229
NOT TRUE. This activates the appropriite portion of
the IF-THEN statements.

You will notice that we set the origin of MICROLAN at
0100 Hexadecimal (Hex). This is the standard positicn to
lJoad a program for execution. We th2n move the Stack
Fointer to a higher memory address to prevent it <froan
being overwritten.

To invoke MICROLAN, type 'MICROLAH' and press return.
At this point in the prograa, if the user is using Cp/¥-86
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or ¥5.,hCs, they are asked to select transfer baud rate fron
a merLu. For the CP/¥-30 version, and contiruing for the
other two, the next step is the INIT subroutine asks you if
you wish to send or receive. The HOLDING subroutine locks
for a keyboard input until either an 'S', an *'R', or aa ‘X!
is found. An 'S' sends the program to the MASTER subpro-
gram. An 'R' sends it to the SLAVE subprograa. An *X°
returns the user to the main ofperatinjy system of the micro.

MASTER first asks for the name of the f£ile to re cent.
The user can also identify at this point which disk drive to
retrieve the fiie frcm. Possille selections are 4, 3, (for
CP/4 -86 ani MS5.DOS systems, the option for a C disk is also
included) or default. The user specirfies the drive by
typing in the format 'B:filename.filetypet. If no drive is
specified, the default is assumed. While +the user 1is
entering tne filenase, the FIILDOP subroutines prepar< the
File Control 3lock (FCB) for receiving drive information and
the filenasge. The FCB is locatel starting at aemory loca-
tion 005C Hex and is 32 memory locations long. It is the
default filename location for all microcomputers.

HO0LD1, FLUP, DONTFIX,FIXIT, and DSKSEL work together to
read the disk drive selection, filename, and filetype aad
load them into the FCB.

Assuming that the proper wire connections have been
made, the next ster in Master is to send an 'R! on lin=
to get the receiving micro's attention. Then the serding
micro 1iistens for a reply from the receiving aicro.
This is repeated wuntil +the sending micro receives arn 'r!
iu reply. Master then prints a string to the screen to
tell the user that connection has been made.

7o ensure synchrcnization prior to senliing the [rC3,

Master sernds a Transmit Symbol (TXSYd). He use the ASCII

ejuaivalent for a DC2 coantrol code as our 7TXSY4, chosen

based on  onrg determination that DC2 1is not usel
42
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frequently otherwise. Master then listens f£or a reply. -
As a Dbuffer, this 1is repeated until tke sending micro f
receives a 't' in rerply. Befcre seniing the FCB, Aan ogen

file subroutine 1is called to insure that the file exists.

If the file exists, the program continues. Othervise,
the session is aborted throughk a 'FNFOUND' subroutine. A o
'QUIT' symbol, the ASCII Code for a DC4 control ccde, 1is ).

sent online to tell the receiving micro that no file
transfer will occur. Then a string is printed to tie
screen telling the user that no file was <found and the
Frogram returns to CEM. l_

We use the B register tc store the current checksun -
code, initializing it to zero (0) for reference. The HL ﬁ;
register pair holds the address of the current memory (M) :
location for purposes of data manipulation. To send the
FCB, we set tre pointer in the HL pair at the starting
memory location for the FPCB (0(5C Hex). The next 1loop
uses the current mewrory byte to perforn tke checksunm .

'1
[N

operation and sends that byte or 1line until the current

e TEPERS AR N
- PRI N

memory lccation holds a 1'0°. Once that '0' is sent orn

e
r e
L‘_.i_q 0

line, the loop is Jone, as the '0' denotes the end »f that

2

v

Bl

filenanme. The checksum code is a result of ‘'exclusive

s

oring' the current data byte with the previous checksua
code. The resulting checksum code is stored back in the B o

register. Use of a checksum ensures accurate Jata T
transmission. =

After the end of filename has been sent, the sending
micro waits for an 'r' indicatinjy that the receiving micro
received the end of file '0' signal. The checksum is then
sent online, We save the checksua for possible retran-
smission, then clear the accumulator before listening for
acknowledgenent. If a *b' 1is received, the checksuns :
didn't match, so the FCB is resent using RSNDFCB. First, ﬁ;
the checksum 1is recalled from the stack and moved tc the )




accumulator. Then we offset the checksum by adding three

{3) for use in synchronizing the two aicros, and send the -
result online. VNext is an indefinite wait loop that is left o
only when the reply matches RIACK ('r'). Following is a ‘ %

4
similar loop listening for a TXACK ('t'). Yhen synchroni- o

zation is set, the program Jjumps back to the subroutine -
TXFCB1 and resends the 7CB. If a 'g' is received in reply, o
the transmitting micro proceeds to a wait 1loop for the ?f
receiving micro to catch up. ﬁ

In the wait loop, tahe program checks for an input as E
many as 2000 times. If no ingut is received, the user is —
returned to CPi. ¥hen an imput is received, it 1is %
compared to 'QUIT', a DCU4 in ASCII Code. If a nmatch is 3
made, it means that the receiving disk alreadv has a file i
of the same name and the progras jumps to 'GOCPM1'. Here, E
a string is printed to the screen telling the wuser that 7
the receiver already has a file of the sanme name and the ﬁ
user is returned to CEH. If the reply wasn't a 'Q0ITY, it ﬁ
is compared to a 'GCCN' or continue symbol. If the input T
matches neither of the two, the wait loop is repeated; %
othervwise, a string 1is printed to the user screen that ]
the file is being transmitted. Next, the progran ]
calls a read sequential subroutine to get the ﬁ
first (next) 123-byte rlock of data. ﬁi

Prior to sending each 1z8-byte block, a ‘CHECK! -3

subroutine is called see if the sernding micro is ready to

transmit. 'CHECK' holds the program until the micro 1is

'transmit ready"'. Then, for synchronizatior, a TXSY4 is

sent online. A listen loop fclilows, wheare the program
checks for a TXACK or a disk full symbol (DSKFUL),
which is a 'd°. If TXACK is received, data can be sernt.

If DSKFUL is received, it means that the receiving micro

has nc more disk storage space and a £full disk (FULDISK)

abort subroutine is called. The FULDISK subroutine
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sends a DONE symbecl, a '2', online to acknowledge the
'DSKFUL' symbol. Then a string is printed to the screen
telliing the user that the receiver's disk is full, ani
the sulkroutine 'GOCPA' is called. First, a '0' is sent
online to clear the output buffer of the sending micrc and
the input ruffer of the receivirg micro. Then the program
returns to CPM. Ye found it necessary to send the '0' ir
order to prevent premature sytchronization by the Slava
micro. When we allowed the micro to return to CPY¥ without
this ster, the Slave micro acted on waatever was left in
the Master output buffer. This synchronization seguence is
repeated until a match is made on one of the two expected
inputs.

Tc separate the 128-kyte irame fronm our ccrntrol
conmands, MASTEE now sends a Real Data (RLDTA) syabol, 0C3
Hex, to the receiving micro. MASTER then listerns for an
echo frcm SLAVE before continuing with file transmissica.
Again, this was necessary for synchronization Letveeun
differert types of ccaputers.

%hen an echo is received, we set the d,L register
pair rointer to the first location in the Direct Menory
Address (DM}) tuffer, vhich is 80 Hex. The DMA is 80
Hex, or 128 bytes of memory, and 1s the default stcrage

location for data read to or from files by CPM. Ihe
checksum in register B 1is reset to 0 <for each 128-byte
block. Now a checksun is performed in the sane manner

as it was for tlie FCE, and the current byte is moved to
the accunmulator to ke sent online. Then the H,l pointer is
moved to the address of the next data kyte in the DMA.
This 1is repeated  until the 128th byte 1is sent and the
H,L pointer is incremented to 100Hex. When the iast byte
of the data block has been sent, the checksum is moved

to the accumnulator and sent online.
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;f Next, we have another 1listen 1loop to allow the

receiving micro to catch up. The program checks for
input until one 1is received. Once an input is received,
it is compared against the 'Bad' and 'Good' symbols. If it

is 'Bad', the prograr jumps tc¢ a "RESEND' subroatine. In

'RESEND', a 'b' is printed to the user's CRT telling them
that the block checksum was tad and that same 128-byte 4
block is to bhe resent. Then the block is sent again. If i
it is a 'Good?', the program jumps to a subroutine to send N
the next 128-byte block, 'RDSQRPT'. Here, a '*' is ¥
printed to the user's CRT telling them that the block was ;

successfully sent. Then the program jumps to 'RDSEQ' to
read the next block c¢f data to be sent. If there is no
more data in the file, a TISYM is sernt orline. The
L program ther 1listens for a TXACK until one is received.
_? Then 'EOFIL1' 1is called. First, a QUIT symbol 1is sent
': online. Then the program listens for an echoing QUIT
symbol, repeating until the echo is received. Then a

string is printed to the screen telling the user the file ;
transfer 1is conplete and 'CLOSIT! is called. A DCNE K
' symbol 1is sent online, the the transmitting micro s
N listens for an echoing DONE in reply. Once the DCNE i
A echo 1is received, the program returns to CpPM aiter ]
sending a '0' online to clear the buffers. The listen 3
sequence is repeated up to 26 times. If no match is made ;

a ‘_L

on ‘'Bad' or 'Good!?, we assume a problem and send the

v

)

. same 128-byte block again using the same procedures.
'? The 'POUT1' subrcutine includes the ability for the
- sending user to abort file transfer. At any time durinj

PRPRTEIr |

the program the user can enter a 'Control C' (ctrl C) fron
the keyloard to abort. 'POUT1' looks for this input every
time it is called and, if 'ctrl C' is found, jumps to a
'STOPS' subroutine. The subrcutine sends a CTRLC symltol

R d L

online, then clears the accurulator and listens for a CTELC

4
o

............




echo frcm the receiving micro. This is repeated until an

echo 1is received. The output buffer is taen cleared and
the program returns tlke user to CPM.

There is one subroutine, ‘'OUIPUT®, that is not used
actively in the pregran. OITPUT 1is left in the progran
code for debugging rpurposes in future revisions. This
subroutire prints whatever is in the accumulator to
the screen. Thus, the programmer can compare what is
there against what was expected. We used this suabroutine
heavily in writing the program code.

The parallel part of the program that coordinates with
the MASTER section is SLAVE. Irp order for MASTER to operate
correctly on the initiation end of data transfer, the
receiving end must have a working copy or MICEOLAN on his
disk. The following documentation will be a descripticn of
how SIAVE wcrks in ccnjunction with MASTER.

In crder for the receive portion (SLAVE} of the prcgranm
to te iritiated, the receiving operator must initialize his
copy of MICROLAN. As previously stated, the prograa is
executed by typing the word "MICRCLANM. The operator will
then be rrompted to iderntify which disk drive he desires to
vork from, {(3,B,C, or default), and then be prompted for ar
"R" to initiate the execution.

The progran begins by listemning <zfor an attention
signal, which 1is an 'R? (ATTN) from the transmit-
ting micro. This is used by the MASTER to see 1f someone is
out there ready to accept data transfer. SLAVE continues
to listen unrtil an ATTN is received. Once it is receivedi, a

message string is printed tc the screen to let the oper-

L et It b . v 1 ]
O . L AL
Yo Tttt

- ator know that a connection was made. SLAVE then sends an
; 'r' (RXACK) to the MASTER tc acknowledge receipt of the
- ATTN.

?: The same proceduze is essentially repeated, oniy with a
jf few changes. SLAVE now listens for a 'DC2' (TXSY¥) and
4
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continues to listen until one 1is received. This is done
for sjynchronization and ackncwledgement that SLAVE is
avare that data transfer is atout to take place.

Before an acknovledgement signal is sent back to
MASTER, a few operations will take place. This
is dcne for synchronization.

The filerame of the file that is being tramnsferred is
stored in a memory location known as the File Control
Block, of TFCB. The size is 32 spaces. Tie FCB is reset
with zerces to ensure that any previous data will not
interfere. Once tke FCB is reset, a 't' (TYACK) is
sent to MASTER for acknowledgement that synchronizatica is
set and SLAVE is ready for data reception.

The filename will be the first bit of 1infcrmation
sent. Once SLAVE receives that first byte, it does a iew
comparisons before it writes it to memory.

Pirst it checks for a 'DC4' (QUIT). 1f it receives one
of these, it prints a message to the screen stating that
no file transfer has taken place and ther juaps out of the
program (back to CEM). If the data was not a QUIT, thern
it is ccmpared to a zero. A zero means that tke filenanme
has been completely sent and the progranm continues 1If
it was not a zero, then the comparison is against a
TXSYF. This is done to ensure that the data was valil.
A few TXSIM's may have been sent over frop MASTEE aiter
synchronization was established on the SLAVE end. This
procedure is a safeguard against reading those extra TXSY¥'s
as data. If one does get through, the program locps itself
until valid data is received.

Once the filename data is received, it is put into the
FCB memory location ard then rprinted to the screen. This
allows the operator to see which file 1is Dbeing sent.
A checksum 1is calculated (see MASTER for explanation oi
metiiod) throughout the reception of the filename for use
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later as a verification that the correct filename was
received.

Lfter the filename is received, an RXACK is tramnsritted
to tke MASTER to acknowledge that the filename has been
received and SLAVE is awaiting the checksux calculated by
MASTER. When this data 1is received, it is compared to
the checksum calculated by SIAVE, If they are not the
same, three (3) is added to tbe value sent by MASTER to
announce that the checksums did not match. This &@keans

tL.at the filename sent was not the same as the filename

received. SLAVE then awaits for a re-transmissicr of the
checksum + 3 sent previously. Once this is received,
SLAVE acknowledges with a RZACK (which €nsures

synchronization), returns to reset the FCB and starts all
over again, listening for a re-transmission of the filenane.

If the checksums do match, then the program continues
Lty sending a 'g' (GOCL). This verifies receipt of a good
checksun. The subroutine OPNFTILE then checks the directcry
to see if a file already exists by that <£filerame which was
previously transmitted. If one does exist, a QUIT is sent
to MASTER advising that micro that a file already exists by
that £ilenane. A string is then printed to the screexn
telling the operator of the duplication of filerares,
followed bty the program jumping to CPHM, terrminating tuis
sessicr of SLAVE. If the filename did not previously exist
in the directory, then a new file is created.

We are now ready to receive the data i:n 128-byte
tlocks. The Direct Memory Address (DMA) 1is a dedicated
rlock of memory, 128 tytes long, used for this purpose. A

synchronization check is done £first and then a TXACK

0

i
sent to MASTER when SIAVE is ready to receive data. T

(e}

separate the received data from MICROLAN's <command and
synchronization bytes, SLAVE now looks for a RLZTA svmbol
from MASTER. While SLAVE is looking for RLDTA, it also
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performs one othef cLkeck. If a QUIT was sent, that signals
the end of transmission and the file is closed. Crnce SLAVE
sees a RLDTA symbol, it echoes ltack to MASTER, then proceeds
to look for data. First, SLAVE checks to see that RIDTA is
not still being sent by MASTER (only on the first byte of
the 128-kyte block). Once SLAVE is sure that the data clock
is being sent, it enters the data receive loop. The data
tyte is moved into memory and a checksum calculated for each

;1 -
g
o s

run through this loog. This [frocedure contiaves uptil the

counter, irntialized with the size of the DHA, has reached E'
Zero. This indicates that 128 bytes of data has been =
sent. MASTER sends its checksua and SLAVE corrares it L
with its own. If it does not match, SLAVE sends a 'b!

(BAD) to KASTER indicating that it must re-trarnsmit the same
128 Lytes. If the checksums ¢o agree, then tae 128 tytes
are written to the disk and an asterisk is printed +to
the screen telling the operator that 128 bytes of
data have been successfully transferred. The progran

then returns to repeat this process until a CUIT is

received.

¥hen a QUIT is received, SLAVE acknowiedges btv
sending a QUIT back and then closes the file. A string is
printed cn the screen indicatiny to the operator that
file trarsmission 1is complete. SLAVE then waits for a

'2' (DONE) from HASTER which ensures that the sessich is
complete. A DONE is trarcsmitted back which completes the
hand-shaking process and then SLAVZ Jjumps to CPM. The
SLAVE program has been terminated and the micro is ready for
any commpand. If tke operator wishes to receive ancther
file, he nmust reinitiate the MICROLAN progran.

There are two safety factors that are irciudeé in the
SLAVE program that were not freviously nmentioned. Ihe
first one concerns the occurrence of a full disk on

the rpart of the receiving =@icro Each time the rrcgcran




et

writes a 128-bDyte block of data to the diskx, it clecks to

see if the diskx is full. In the event or a £ull 3isk,
SLAVE seads a 'd' (DSKFUL) to MASTER expressirg that
there is no more room on the disk and cannot receive anv
more data. SLAVE then awaits confirmation from MASTER that
it has received the DSKFUL. Confirmation is acknowledged by
the receipt of a DONE, which ccaopletes the "Yhandshaking". A
string is printed to the screen letting the operator krow
that he received an incomplete file due to a £full disk.
SLAVE then goes to CPM.

The other safety factor handles the occurrence of the
tracsmitting micro aborting file transfer. To abort file
transfer, the operator of the transmittirg £ile uses a
coatrol C". SLAVE listens for this "control C™ tirougkout
the entire progran. EZvery time data is received from
MASTER, it is checked for the alkort signal. This allows for
the orticn of the operator at tte transmitting micre tc stop
data transfer at any tinme. If this happens, the progranm
goes to a subroutine which sends a "control C% back to
MASTER in acknowledgement and then prints a string to the
screen. This tells the operator that file transfer has been
aborted and that no file will exist under the filename that
was passed. The program then Jjumps to CPiH. our lcgic was
based on "whoie file or no file". e felt that having an
eapty file would be ar unmistakable indicator that the Zile
transfer was incoaplete and that retransmission was neces-
sary. If the operator wishes to retain a partial file, a
pinor change to the fprogram would be needed. The file would
have to be closed before the program jumnpel to CPM by

invoking the subroutine "CLSFILE" first.
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